Abstract
Introduction

21
A great deal of studies questioned the way species and/or species traits assemble 22 themselves and addressed rules which govern their assembly at both regional and local level 23 (reviewed in Weiher et al. 2011) . Metacommunity approaches and concepts (patch dynamics, In the present study we attempt to discern whether factors of variation other than 1 discernible environmental gradients might exist in the composition of springtail 2 communities.First, we will question the importance of spatial scale in species/environment 3 relationships. We already showed on the same data set that species (Ponge 1993) and traits 4 (Salmon and Ponge 2012)are distributed according to habitat requirements of species. In the 5 present paper, we make substantial additions to this knowledge, pointing to the importance of 6 spatial scale, which was not taken into account so far on this data set. On the base of 7 aforementioned regional versus local influences on species composition we hypothesize thatat 8 'regional' scale the selection of habitats is limited by dispersal capacities of specieswhile at 9 'local' scale it is limited by the number of habitats at disposal. As a consequence, 10 species/environment relationships should be better expressedat intermediate scales
11
(Hypothesis 1).
12
Second, we question the importance of phylogenetic relationships in 13 species/environment and trait/environment relationships. We hypothesize that (i) coexisting 14 species are less phylogenetically distant (and thus share more trait attributes) than segregating 15 species, i.e. display underdispersion (Weiher and Keddy 1995) , but also that (ii) at low 16 taxonomic levels the relationship between phylogenetic proximity and co-occurrence is 17 traded-off by competitive exclusion.Thereby, phylogenetic distance will better influence co-
18
occurrenceat not too high and not too low taxonomic levels (Hypothesis 2).
19
Materials and methods
20
Origination of the data
21
The Sénart forest (Ile-de-France, northern France, 48° 40' N, 2° 29' E) and its vicinity 22 were selected because they display a great variety of soil and soil-related habitats (woodland, 23 heathland, grassland, ponds, paths, tree trunks,…) composing a little more than 3,000 ha of study. Since the time of samplingmost private woods have been incorporated to the state coordinates) were assigned to all samples collected in the vicinity of a pre-designed point.
11
Phylogeny/taxonomy data
12
In the absence of a complete phylogeny of Collembola, we used the Checklist of the to calculate an average between-sample habitat dissimilarity at varying scales.
5
Spatial distances between samples were estimated using an index varying according to which samples were compared. The finest scale used for this calculation was for samples 10 located at less than 2 m the one from the other, while the largest scale was for the whole set of 11 samples, i.e. less than 20 km.
12
Dissimilarities between species were calculated on the basis of occurrences 
16
The resulting matrix (127 species x 82 habitat features) was divided by the total abundance of 17 each species, in order to compare them on the base of relative preferences (sum of habitat 18 preferences equal to 1 for each species, whether abundant or not).Dissimilarities between 19 species using occurrenceand habitat preference were calculated using the Spearman 20 dissimilarity coefficient, as explained above.Dissimilarities between species using traits were 21 calculated using the Jaccard distance, as explained above for samples using habitat indicators.
Taxonomic distances were calculated using as a numerical estimate, the rank level at 1 which taxa were associated: 1 (subspecies), 2 (species), 3 (subgenus), 4 (genus), 5 (tribe), 6 2 (subfamily), 7 (family), 8 (superfamily), and 9 (order).
3
In all calculations of dissimilarity/distance matrices between species, whether based on 4 occurrence, traits or taxonomy, rare and common species were given the same weight, in the 5 same manner as species-poor and species-rich samples were given the same weight in 6 between-samples matrices. This is justified by the fact that we do not have a priori reasons for 7 judging that species-rich samples (resp. common species) are more informative than species-8 poor samples (resp. rare species). parts of the Sénart forest (only species common to both areas were taken into account).
All calculations (to the exception of accumulation curves) were done using XLSTAT ® 4 (Addinsoft ® , Paris, France).
5
Results
6
The spatial component of species-environment relationships 7
The accumulation curve of the 127 observed species over the 370 samples (Fig. 1a) 8
showed that sampling had approached an asymptote, indicating that sampling effort was sampling effort there was a lesser number of species in the western part of the forest (Fig. 1b) .
13
Mantel tests (Table 1) and habitat dissimilarities increased when spatial effects were discarded: this correlation was 5 better expressed at short distance.
6
Taking the value of the Mantel statistic as a measure of species-environment 7 relationships over the range of studied spatial scales (Fig. 2a) it can be seen that a maximum which did not differ between western and eastern parts of the forest (Fig. 1b) .Accordingly,
21
habitat preferences of the 77 species common to both parts of the forest did not reveal any 22 difference between western and eastern parts (sign test, P = 0.96). The deficit in species 23 richness observed in the western part of the forest (27 species, minus 23%) was significant 24 (Fisher's exact test, P < 0.0001), and could not be explained either by a deficit in habitats (Fisher's exact test, P = 0.84) or by unbalanced sampling effort (Fig. 3) . A distinction 1 between slow vs fast dispersers (Fig. 4) showed that the balance between slow and fast 2 dispersers (ca. 76% in favor of slow dispersers in the eastern part of the forest) shifted to 50% 3 for species common to both parts of the forest or for species living only in the western part.
4
The taxonomic component of traits, habitat preference and species co-occurrence
5
Using taxonomic distances as a proxy to phylogenetic distances (Table 2) , Mantel 6 testsshowed, apart from the trivial result that traitsand taxonomy were correlated, thattrait and 7 habitat preference dissimilarities were positively and highly significantly correlated, 8 evenwhen excluding taxonomy. The relationship between habitat preference dissimilarity and 9 taxonomic distance was also positive and significant, but significance vanished when traits 10 were excluded, pointing to traits mediating the observed effect of taxonomy on habitat 11 preference.
12
Other Mantel tests showed that species occurrence dissimilarity was positively and We used Mantel tests between species occurrence and habitat preference dissimilarity 1 matrices at successive taxonomic levels to question whether the positive relationship between 2 occurrence and habitat preference dissimilarities (Table 3) was observed at family level, and decreased to non-significant values at genus and species 6 levels: species with similar habitat preferences had more opportunities to live together when 7 they belonged to the same family, this relationship being blurred to some extent at higher-8 order taxonomic levels and disappearing totally (although being still positive) at genus and 9 species levels.
10
We wondered whether species taxonomically close and with similar habitat positive, neutral or weakly negative occurrence similarity.
16
Discussion
17
Within the studied area, we showed that species composition was more influenced by 18 habitat than by space. However, we also showed that when samples to be compared were an animal, the more its choice will fit its requirements, resulting in a better match between 21 ecological traits and environmental characteristics (Edelaar et al. 2008) .
22
In the present study we showed that taxonomically distant springtail species (i) were 23 more dissimilar in their anatomical and reproductive traits, which is expected since some of 24 these traits are used to classify them by systematicians,but also(ii) tended to be spatially segregated despite of the fact that habitat preference was the main determinant of species We showed that the positive relationship between occurrence and habitat preference
10
(species exhibiting similar habitat preferences tend to co-occur more than random) was 11 taxonomically sensitive. It was better expressed at the family level, and was no longer 12 significant (although still positive) at genus and species levels, supportingHypothesis 2. 
